A case of excessive heparin requirement during cardiopulmonary bypass is reported. A patient with sepsis secondary to a myocardial abscess required 13.5 rag" kg -t of heparin to increase his activated coagulation time to a therapeutic level. This phenomenon might be due to individual variability, lupus vasculitis, septicaemia, repeated thromboembolic phenomenon with hypercoagulable state, or chronic disseminated intravascular coagulation with partial antithrombin deficiency.
ACTIVATED COAGULATION TIME (ACT) was first described by Hattersly.' It has been recommended as a monitor of heparin levels during cardiopulmonary bypass, z,3 This would prevent intra-operative clotting, 4 excessive anticoagulation and inadequate neutralization of heparin by protamine. 5-s Recently, we encountered a case of heparin resistance during cardiac surgery.
CASE REPORT
A sixty-eight year old man was hospitalized because of fever, anorexia, weight loss and weakness of four weeks duration. He had a past history of anterolateral myocardial infarction complicated by left ventricular aneurysm three years before admission. Blood cultures grew Camphylobacter intestinalis, which was sensitive to arnpicillin and tobramycin. He was treated with both antibiotics. He was also found to have lupus erythematosus. Ten days after admission he suddenly had an arterial embolism to his left leg, which required embolectomy. Two days later he developed signs of an acute abdominal problem and a laparotomy was done. Cholecystectomy and splenectomy were done because the gall bladder was thought to be the source of the sepsis and the spleen contained a septic infarct. Six days post-laparotomy his right leg developed deep venous thrombosis. He was not heparinized because of the possibility of septic emboli to the cerebrum, or lupus cerebritis manifested by intermittent periods of confusion and one g~and mal seizure. He continued spiking fever. Two dimensional echocardiography was suggestive of a large thrombus in the ventricular aneurysm, and cardiac catheterization was then done. Because of persistent fever and multiple arterial emboli, the diagnosis of infected left ventricular thrombi was made. Cardiac surgery was then done.
Pre-operatively the coagulogram showed PT 10.9sec (control 10.9sec) a shortened PTT of 26. l sec (control 35.25 sec), platelet count 494,000 per rnm 3, rough fibrinogen normal at 295 mg per cent, thrombin time 13.8sec (control 12.8 see), fibrin split products increased to 120--140/.Lg/ml (control < 10/~g/ml). General anaesthesia was induced uneventfully. Baseline ACT was 103 seconds. The patient's weight was 64kg. Ten thousand units (l.Smg "kg -t) of heparin were given. Repeated ACT was surprisingly low at 118 seconds. Ten thousand units (total 3 mg-kg-') were given. The resulting ACT was only 215 seconds. Large doses of heparin were given repeatedly (Table I) , according to the heparin-ACT dose response curve ( Figure I ) before a satisfactory ACT above 400 sec was achieved.
The left ventricular aneurysm was found to contain a purulent abscess. Apical clots and intraventricular organized thrombus were removed and the left ventricular aneurysm was excised. The ventriculotomy was repaired with monofilament sutures over two strips of pericardium. The patient was weaned from cardiopulmonary bypass without difficulty. Total bypass time was 58 minutes. Heparin was reversed with 450 mg of protamine with the ACT returning to 120 sec. The patient did well post-operatively and remains asymptomatic and afebrile six months after his left ventricular resection. 
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DISCUSSION
The biological actions of heparin, a sulphated mucopolysaccharide, depend on antithrombin neutralizing thrombin, forming a 1:1 stoichiometric enzyme inhibitor complexY It also accelerates the inactivation of coagulation factors Xa, IXa, Xlla and possibly Vlla, and enhances the activation of plasmin by antithrombin.
The volume of distribution of heparin is limited to the plasma volume. Heparin has a very short half-life, about 1,5 hours, which is dose dependent. It is not eliminated enzymatically, nor by glomerular filtration and renal tubular secretion.
The anticoagulant is transferred to reticuloendothelial cells, which may provide the means for its degradation. The amount of heparin required to produce an arbitrary prolongation in the clotting time has been shown to vary threefold from patient to patient. 2 The rapidity with which the administered heparin disappears from the blood may vary fourfold. 2 In our patient excessively large amounts of heparin (13.5 mg.kg -~) were required to establish an adequate ACT for cardiopulmonary bypass. There is an individual variation in heparin requirement. J0 Patients with coronary artery disease may have increased heparin resistance?' Our patient had lupus vasculitis, deep vein thrombosis, repeated embolization to the leg and spleen, and thrombocythaemia probably secondary to splenectomy. These clinical entities have all been shown to be refractory to heparin therapy. ' 2 The observed hypercoagulability in our patient might have been due to the septicaemia and endocarditis. The following mechanisms of hypercoagulation in sepsis have been identified: activation of platelets, disseminated intravascular coagulation, reduced antithrombin lII, and binding of heparin by antibiotics.13.~4
Campylobacter intestinalis is an infrequent cause of human infection, with fewer than 100 cases reported in the medical literature.~S It is a gram-negative bacillus. Although it has been a recognized animal pathogen, the route and source of infection in man remain unknown. Predisposing factors include immunosuppressive therapy, alcoholism, cardiac diseases, and hepatorenal disorders. Endocarditis due to this organism is rare. Only 13 cases have been observed and reported.~6 The symptoms of Campylobacter intestinalis endocarditis are insidious, of long duration, and non-specific; fever is the only constant finding. The selection of antibiotic ther-apy must rest on in vitro sensitivity studies. It has been successfully treated with erythromycin, ampicillin, tetracyline, clindomycin, gentamycin, and a combination of penicillin and streptomycin. In our case, antibiotic treatment was not effective because of the abscess formation in the left ventricular aneurysm.
The palient underwent his cardiac surgery shortly after two major operations. Hypercoagulability is also seen after surgery: plasma antiheparin factor increases and fibrinolytic activity of plasma is inhibited. ~7
Our patient may have had chronic disseminated intravascular coagulation with thrombotic phenomenon dominating over haemorrhagic phenomenon. In some patients with disseminated intravascular coagulation, antithrombin concentration is reduced to less than l0 per cent of normal. In antithrombin deficiency, the adminstration of heparin has little effect on prolonging clotting time and the infusion of fresh 01asma or antithrombin concentrates and heparin can restore its effectiveness. ~8
In summary, a multitude of factors may have been operative in creating this patient's resistance to he!oarin. We could not establish the final reasons. However, this case enforces the recommendation of routine monitoring of ACT during cardiac and vascular surgery.
